Serum from methimazole-treated patients induces activation of aryl hydrocarbon receptor, a transcription factor that binds to dioxin-response elements.
The aryl hydrocarbon receptor (AhR) is a transcription factor that is activated by xenobiotic substances such as dioxin. After activation, it binds to dioxin response elements of DNA, thereby inducing transcription of a variety of xenobiotic metabolizing enzymes. To investigate whether AhR-activating substances accumulate in patients with endocrine disorders, we tested serum samples for AhR-stimulating activity. Serum AhR-stimulating activity was evaluated by exposing the HepG2 cells transiently transfected with an AhR-responsive reporter plasmid to serum samples. On the basis of preliminary findings that implicated methimazole (MMI), wild-type and AhR-null mice were treated with MMI, and their plasma AhR-stimulating activities and thyroxine levels were quantified. In 28 randomly chosen patients, 7 out of 10 Graves' disease patients exhibited increased serum AhR-stimulating activity. The increased activity did not correlate with thyroid hormone status. However, we hypothesized that it might be caused by MMI. Subsequent analyses revealed that in 25 of 26 MMI-treated Graves' patients, serum samples collected after the MMI treatment had significantly higher AhR-stimulating activity compared to samples obtained when the same patients were not on MMI. By contrast, serum AhR-stimulating activity was unchanged in samples from the seven patients on propylthiouracil (PTU) compared to serum taken before the PTU treatment. In vitro experiments demonstrated that an MMI metabolite 3-methyl-2-thiohydantoin, but not MMI, activated AhR. MMI increased plasma AhR-stimulating activities and reduced plasma thyroxine concentrations, in both wild-type and AhR-deficient mice. Graves' patients taking MMI have increased serum AhR-stimulating activity, which is unrelated to thyroid hormone status, but correlates with MMI treatment. The AhR activation is likely caused by 3-methyl-2-thiohydantoin. Further studies are required to determine the potency of 3-methyl-2-thiohydantoin as an AhR activator and the significance of the differences between MMI and PTU observed in this study.